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Abstract: Betula ermanni population was divided into three groups: the upper population (2 000-2200 m), the 
middle population (1 700-2 000 m), and the down population (1 400-1 700 m) in Changbai Mountain. The 
dynamics of Betula ermanni populations in subalpine vegetation are studied and the population life table, 
fecundity schedule, survival curves, age structure, and fecundity curves were established. The results showed 
that the middle population is obviously the transition from the upper population to the down population. 
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Introduction 

Not only are timberlines the most conspicuous 
vegetation boundary in high mountains, but they are 
also an important ecological boundary (Bruce 1996; 
Thomas 1997). No wonders then those timberlines 
have always attracted researchers for both scientific 
and practical reasons. In Changbai Mountain, for 
example, the restoration of the climatic timberline 
and establishment of an effective protective forest 
are the two principal objectives of high-mountain for¬ 
est management. Also in this connection, the 
potential response of timberlines to expected climatic 
change has begun to be a matter of interest (Bruce 
eta!,. 1996; Ian etal. 1993). 

Betula ermanni forest is one of the vegetation 
types in subalpine and subarctic regions, and it dis¬ 
tributes mainly in Eastern Asia, such as Northeast 
China, North Japan, Far-east area of Russia, and so 
on (Liu & Wang 1992). Very large areas of natural 
Betula ermanni forest are in the regions of Daxing’an 
Mountains, Xiaoxing’an Mountains, Zhangguangcai 
Mountains, and Changbai Mountain of Northeast 
China. The distributed area of Betula ermanni forest 
in subalpine vegetation of Changbai Mountains is the 
largest in China and even in the world. 

Betula ermanni population distributes at altitudes 
from 1370 m to 2 230 m in Changbai Mountain. It is 
timberline vegetation, which is conspicuous vegeta¬ 
tion boundary. In the whole distributional area of 
Betula ermanni, there are two ecotones. One is an 
ecotone of Picea-Abies species and Betula ermanni 
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at 1 700 m and its proximity, and the other is an 
ecotone of Betula ermanni and tundra species at 
2 000 m and its proximity. 

Study sites and methods 

Study area and vegetation 

The study area is located in the Changbai 
Mountain Biosphere Reserve, in Erdaobaihe, Antu 
County, Jilin Province. Mean annual rainfall is 
967.3-1 400 mm with only one rainy season in 
summer. Soil is mountain sody forest soil, which 
developed from volcanic ash. 

The whole distribution area of Betula ermanni is 
from 1 370 m to 2 230 m in altitude. Betula ermanni 
population was divided into three groups according 
to the community characters: the upper population 
(2 000-2 200m), middle population (1 700-2000 m), 
and the down population (1 400-1 700 m) 

In down part, it is dark coniferous forest. The main 
tree species are Picea jezoensis, Abies nephrolepis, 
Larix olgensis, Acer ukurunduense, Sorbus po~ 
huashanensis, and Betula ermanni. The coverage of 
canopy is about 90%. There are few shrub species, 
such as seedlings of Acer tegmentosum, Acer uku- 
runduense, Ulmus propinqua, and Rosa dahurica, 
with coverage of about 35%. Many herb species 
have distribution there, such as Athyrium brevifrons, 
Adiantum pedatum, Listera major, Maianthemum 
dilataum, Pyrola renifolia, Solidago virgaurea var. 
dahurica, Cacalia hastata, Polygonatum odoratum, 
Fragaria orientalis, Actaea acuminata, Carex anga- 
rae, Pyrola ramischia, Rubus arctious, and so on, 
with coverage of 80%~85%. 

In middle part, subalpine Betula ermanni forest is 
the main forest type. There are few tree species, 
such as Betula ermanni, Abies nephrolepis, Picea 
jezoensis, and Larix olgensis. There is hardly shrub 
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species under the forest, but the herb species de¬ 
velop very well. They are Polygonatum odoratum, 
Actaea acuminata, Thalictrum squarrosum, Deyeuxia 
augustifolia, Sclidago virgaurea var. dahurica, 
Cacalia hastata, Pyrola renifolia, Adiantum pedatum, 
Fragaria orientalis, Maianthemum dilataum, Saus- 
surea tenerifolia, Rhododendron chrysanthum, Aco- 
nitum monanthum, Listera major, and Veratrum ni¬ 
grum. The coverage of herb species is 100%. 

In upper part, the main forest type is seedling for¬ 
est of Betula ermanni in the subalpine vegetation. 
Betula ermanni and Larix olgensis are the main tree 
species. Moreover, Larix olgensis exists only in 
seedling or abnormal state. There, however, are 
many undergrowth species, such as Juncus casta- 
neus, Euphorbia lucorum, Rhododendron chrysan¬ 
thum, Dryas octopetala var. asiatica, Gentiana triflora, 
Vaccinium ulig var. alpin, Saussurea alpina, Poly¬ 
gonum ajanense and so on, of which, some are al¬ 
pine and arctic species. The coverage of under¬ 
growth reaches 100%. 

Vegetation sampling 

The Peak of Changbai Mountain is 2 691 m above 
sea level. The vegetation varies in different zones 
from bottom to top because of different water, tem¬ 
perature conditions. Betula ermanni distributes from 
1 370 m to 2230 m according to our investigation. 
From 1 370 m, it distributes in the dark coniferous 
forest in old-growth individual, and forms an ecotone 
of Picea-Abies species and Betula ermanni in 1 700 
m and its proximity. Moreover, Betula ermanni popu¬ 
lation dispersal along altitude to 2 230 m under cli¬ 
matic change in the recent years and form an 
ecotone of Betula ermanni and tundra species at 
2000 m and its proximity. 

Sixty-one 10 m x 10-m plots and eighteen 20 m x 
40 m plots were established, with 50-m altitude step, 
at altitudes from 1 400 m to 2 200 m in Changbai 
Mountain, in 1998-1999. Tree height and DBH (di¬ 
ameter at breast height) were investigated. 

Results and analysis 

Life table of Betula ermanni population 

A life table summarizes the statistics of death and 
survival of a population by age. Population life table 
is a table of survival ratio and fecundity of individual 
of each age scale (Harper 1997). Life table can be 
divided into two kinds, and those are special age life 
table or dynamic life table and special time life table 
or stable life table. As far as woody plant is con¬ 
cerned, the special time life table is always estab¬ 
lished. Three hypotheses must be fitted when estab¬ 
lishing the table. Firstly, population density is stable. 
Secondly, age scale of population is stable. Thirdly, 


the moving ratio of population is stable. 

In the special time life table, there are many items 
with following significance: 

X—age scale (one scale is 10 years); 

lx —survival individuals in beginning of X period 
(normalization); 

Dx—the dead individuals from X to X+1 period; 

Ox—the death ratio from X to X+1 period, express¬ 
ing as Dx/lx; 

Lx —survival individuals during X and X+1 period, 
expressing as [/x+l(X+1)]/2; 

Tx —individuals from X to more than X period; 

Ex —mean expected life of survival individual from 
beginning of this age scale, and it is Tx/lx ; 

Ax —practical survival individuals in the age scale; 

According to our investigation, three population life 
tables of Betula ermanni at different altitude (1 400- 
1 700, 1 700-2000, 2 000-2 200 m) were established 
(Table 1). 

Based on population life table of Betula ermanni, in 
upper population the peak of death ratio of Betula 
ermanni is from 200-260 years. In middle population, 
the peak of death ratio is 180-210 years, and there 
is another peak in 250 years. In down population, the 
death ratio is always high from 10 to 170 years, and 
the maximum death ratio is 260 years. The order of 
mean expected life of population of these three parts 
is Upper > Middle > Down. In order to express the 
situation of population tendency, we‘ establish the 
survival curve of these three populations (Fig. 1). 



Fig. 1. Survival curve of Betula ermanni population 

From Fig. 1, the upper group and middle group of 
Betula ermanni are increasing populations, and the 
down group is also a slowly increasing population. 
The middle population is just between the upper one 
and the down one. However, the curve almost 
crosses together with the age scale. 
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Table 1. Life table of Betula ermanni population in subalipine vegetation of Changbai Mountains 
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Where U represents upper population, M represents middle population, and D represents down population 


Age structure analysis 

Age structure of a tree species, which reflects re¬ 
generation process and velocity, means quantity of 
the tree species divided by age scale. According to 
age structure of Betula ermanni population (Fig. 2), 
in upper population, survival individuals decrease 
rapidly with age scale. In down population, the sur¬ 
vival individuals decrease slowly with age scale and 
increase around the age of 250. In middle population, 
survival individuals are just between the last two 
populations. That is to say, the middle population is 
just the transition of the upper population and the 
down population. 

Fecundity schedule analysis 

Population reproductive process is an important 
process for studying its dynamics. Generally speak¬ 
ing, fecundity is one of the biological properties of a 


certain species. According to the references from Liu 
Qijing (1992) and our investigation, the production of 
single Betula ermanni tree of various age scales 
(from 0 to 300 years old) is almost linear. According 
to this, we could establish a fecundity schedule of 
Betula ermanni population (Table 2). Fecundity 
schedule is a useful tool for expressing produce abil¬ 
ity of a certain population and predicting its develop¬ 
ment tendency. The data of a fecundity schedule 
includes five items: X, Lx, Mx, Lx-Mx, and Lx-Mx-X, 
X —age scale; Lx—the ratio of survival individuals of 
each age scale to that of the first age scale in the life 
table; Mx —the mean production of Betula ermanni in 
each age scale. 

Some parameters can be obtained from fecundity 
schedule, such as R 0 , T, r m , t, X, and so on. R 0 (net 
reproductive rate) is an important parameter in fe¬ 
cundity schedule. It expresses the increasing times 
of each population. T (generation length) is mean 
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period from birth of parents to birth of offspring. r m is 
the intrinsic rate of naturally increase of a population. 
t is time for population doubling. X is increasing rate 
of period. These parameters can be obtained from 
the following formulas. 


fl 0 =2 Lx-Mx ; 

T=(l Lx Mx X)/Ro, 

r m =Lnf? 0 /T; 

f=Ln2/r m =0.6931/r m ; 

i „rm 



Age scale /a 


Fig. 2. Age structure of Betula erimonii 


Table 2. Fecundity schedule of Betula ermanni population in subalpine vegetation of Changbai Mountain 
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Continue Table 2. 
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Note: Where U represents upper population, M represents middle population, and D represents down population 


These parameters are of the fecundity schedule as 
follows: R 0u =4033597, T u =174.43, r mu =0.0872, 

f u =7.9485, V=1.0911, /7 0m =3004307, 7 m =165.99, 
r mm =0.0898, f m =7.7133, A, ri =1 .0940; R od = 1548007, 
7>182.47, ^=0.0781,^=8.8735, ^=1.0812. 

Based on fecundity schedule, the fecundity curves 
of different Betula ermanni populations are estab¬ 
lished (Fig. 3). 



Fig 3. Fecundity off Betula ermanni population at 
different altitudes 


With the altitude increasing, the fecundity of Betula 
ermanni population increases rapidly because of 
higher ratio of survival individuals. The fecundity 
peak of the upper population exists in 200 years old, 
and that of the middle population exists in 180 years 
old. However, in down population, the fecundity of 
Betula ermanni population is lower and stable after 
100 years old. When individual age is over 250 years 
old, the fecundity of the three populations is almost 
identical due to their low ratio of survival individuals. 
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